(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11! 



EP 1 443 527 Al 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

04.08.2004 Bulletin 2004/32 

(21) Application number: 02775364.9 

(22) Date of filing: 17.10.2002 



(51) mtciT: H01 B 5/14, H01B 13/00, 
H01M 14/00, H01L 31/04, 
B32B 9/00 

(86) International application number: 
PCT/JP2002/010801 



(87) International publication number: 

WO 2003/036657 (01 .05.2003 Gazette 2003/18) 



(84) 


Designated Contracting States: 


♦ TANEDA, Naoki; 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


c/o Asahi Glass Company, Limited 




IE IT LI LU MC NL PT SE SK TR 


! Yokohama-shi, Kanagawa 221-8755 (JP) 




Designated Extension States: 


• FUKAWA, Makoto; 




AL LT LV MK RO SI 


c/o Asahi Glass Company, Limited 


(30) 




Yokohama-shi, Kanagawa 221-8755 (JP) 


Priority: 19.10.2001 JP 2001322552 


• AOMINE, Nobutaka; 


(71) 




c/o Asahi Glass Company, Limited 


Applicant: ASAHI GLASS COMPANY LTD. 


Yokohama-shi, Kanagawa 221-8755 (JP) 




Tokyo 100-8405 (JP) 


• KAMBE, Mika, 


(72) 




c/o Asahi Glass Company, Limited 


Inventors: 


Yokohama-shi, Kanagawa 221-8755 (JP) 


• 


SATO, Kazuo; 




c/o Asahi Glass Company, Limited 


(74) Representative: Miiller-Bore & Partner 




Yokohama-shi, Kanagawa 221-8755 (JP) 


Patentanwalte 






Grafinger Strasse 2 






81671 Munchen (DE) 



(54) SUBSTRATE WITH TRANSPARENT CONDUCTIVE OXIDE FILM AND PRODUCTION METHOD 
THEREFOR&comma; AND PHOTOELECTRIC CONVERSION ELEMENT 



CsJ 
CO 



CL 
LU 



(57) A substrate with a transparent conductive oxide 
film (especially a substrate with a transparent conduc- 
tive oxide film useful as a substrate for a thin-film silicon- 
based solar cell) being excellent in mass production ef- 
ficiency and being characterized by having a low resist- 
ance : a high transparency and a good light scattering 
performance over a full wavelength region (300 nm to 3 
ujti) of solar ray, a process for its production, and a pho- 
toelectric conversion element (especially, solar cell) em- 
ploying the substrate, are presented. A substrate with a 
transparent conductive oxide film, comprising a sub- 
strate and a transparent conductive oxide layer formed 
on the substrate and constituted by a plurality of ridges 
and a plurality of fiat portions, wherein the surfaces of 
the ridges and the flat portions, have many continuous 
micron-size protrusions. 



Fig. 1 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a substrate 
with a transparent conductive oxide film, a process for 
its production and a photoelectric conversion element 
(especially a solar cell) employing the substrate. 

BACKGROUND ART 

[0002] Thin-film solar cells being photoelectric con- 
version elements may : for example, be of an amorphous 
silicon (a-Si) type or a polycrystalline silicon type. In 
such thin-film silicon type solar cells, a transparent con- 
ductive oxide film is used as an incident light side elec- 
trode. Such a transparent conductive oxide film is re- 
quired to have a low resistance and high transparency 
and to have a high light scattering performance in order 
to increase the photoelectric conversion efficiency. 
JP-B-7-105166 discloses a fluorine-doped Sn0 2 film 
which contains fluorine in an amount of from 0.01 to 4 
mol% based on Sn0 2 and which has a conductive elec- 
tron density of f rom 5x 1 0 19 to 4x 1 0 20 cm* 3 , and the film 
has a low absorbance. is highly transparent and further 
has high durability against an active hydrogen species. 
[0003] JP-B-6-12840 discloses a transparent conduc- 
tive film which has a surface roughness (texture) struc- 
ture and has an effect to scatter incident light within a 
photoelectric conversion unit, whereby as compared 
with a transparent conductive film having a small sur- 
face roughness, the photoelectric conversion efficiency 
of an amorphous silicon solar cell can be made high. 
[0004] On the other hand, in the case of a thin-film 
crystalline silicon solar cell such as a thin film polycrys- 
talline silicon or a thin-film microcrystalline silicon which 
has been actively studied in recent years, the cell sen- 
sitivity in a long wavelength region is high as compared 
with an amorphous silicon solar celi. This indicates that 
as compared with an amorphous silicon type, a light 
scattering property and a high transparency in a longer 
wavelength region, are required for the transparent con- 
ductive film. In order to increase light scattering at a long 
wavelength, it is effective to further increase the surface 
roughness structure of the transparent conductive film. 
For example, if the film thickness is made thick, the crys- 
tal grain size will be increased, whereby the surface 
roughness can be increased. However, a transparent 
conductive film such as a fluorine-doped Sn0 2 film has 
light absorption in a long wavelength region by free elec- 
trons, whereby if the film is made thick, the light absorp- 
tion increases, whereby the optical transmittance de- 
creases. Consequently, even if light scattering on a long 
wavelength side is increased by increasing the surface 
roughness, light absorption of a long wavelength will al- 
so increase, whereby as a whole, the photoelectric con- 
version efficiency of the solar cell will not increase, and 
it has been difficult to increase the efficiency of the pho- 



toelectric conversion by means of a transparent conduc- 
tive film having a high spectral haze value (which may 
hereinafter be referred to simply as "a haze"). 
[0005] Other than the above, a technique to increase 
5 the light scattering effect by controlling the surface 
roughness of a transparent conductive film in contact 
with the photoelectric conversion layer, has heretofore 
been well known and is disclosed in e.g. JP-A- 
3-125481, JP-A-2000-252500, JP-A-61 -288314, JP-A- 
10 61-288473, JP-A-61 -288314 or JP-A-2000-232234. 
[0006] In JP-A-3-1 25481 among them, a transparent 
electrode substrate is disclosed which is characterized 
by a structure wherein a first layer having a large aver- 
age particle size and a second layer having a small av- 
15 erage particle size are laminated. This is designed to 
refract and scatter light with a long wavelength by the 
first layer having a large average particle size and light 
with a short wavelength by the second layer having a 
small average particle size, in order to let more light be 
20 absorbed by the photoelectric conversion layer. Howev- 
er, with the electrode structure disclosed in Examples, 
both the first and second layers are transparent conduc- 
tive films, whereby absorption by free electrons can not 
be avoided. Namely, incident light will pass through the 
25 first layer film of at least 1 .0 ujti over the entire region 
of the substrate surface and will further pass through the 
second iayerfilm of at least 0.2 um, whereby as a whole, 
absorption by films of at least 1 .2 um will take place. 
Accordingly, attenuation of light before reaching the 
30 photoelectric conversion layer can not be avoided. 
Thus, it has been found that with the construction of the 
substrate as disclosed in JP-A-3-1 25481 , no significant 
improvement can be obtained in the photoelectric con- 
version efficiency. 
35 [0007] Further, JP-A-2000-252500 also discloses a 
transparent electrode substrate for a silicon thin-film 
type photoelectric conversion device, wherein a first 
transparent conductive film having a large difference in 
the surface roughness, is formed on a glass substrate, 
40 and a second transparent conductive film having a small 
difference in the surface roughness, is formed thereon. 
It is stated that by reducing the difference in roughness 
of the second transparent conductive film to make the 
surface smooth, spike-like protrusions can be eliminat- 
es ed, whereby short circuiting of junctions in the photoe- 
lectric conversion unit can be reduced, and thus fluctu- 
ation of the performance of the photoelectric conversion 
device can be reduced. However, it has been found that 
also this transparent electrode substrate has a draw- 
so back that, like the above-mentioned problem, as light 
will pass through absorptive two layers of transparent 
conductive films (continuous films), the amount of inci- 
dent light to the photoelectric conversion layer will be 
reduced by an amount absorbed by the conductive 
55 films, whereby the photoelectric conversion efficiency 
will not be improved. 

[0008] Further, JP-A-61 -288314 and JP-A- 
61 -288473 disclose that with a transparent electrode 
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film represented by indium/tin oxide or Sn0 2 formed by 
a conventional electron beam vapor deposition method, 
a vacuum vapor deposition method, a sputtering meth- 
od, a CVD method or a spray method, the difference in 
the surface roughness is from about 20 to 1 00 nm, and 
the distance between protrusions is from about 50 to 
200 nm, whereby the light scattering effect at the inter- 
face with the photoelectric conversion layer is inade- 
quate. Whereas, it is disclosed possible to increase the 
light scattering effect at the interface and to increase the 
photoelectric conversion efficiency by carrying out 
chemical etching treatment of the transparent electrode 
film surface to form a roughened surface having a dif- 
ference in roughness of from about 10O to 500 nm and 
a distance between protrusions of from about 200 to 
1000 nm. However this system requires to carry out 
chemical etching treatment after forming the transpar- 
ent electrode films and to sufficiently clean and dry the 
substrate in order to remove the etching solution and 
then to form the photoelectric conversion layer, whereby 
the process tends to be cumbersome, and there is a 
problem that the productivity is low. 
[0009] Further, J P -A -200 0-232234 discloses that a 
photoelectric conversion device having a transparent 
electrode wherein the difference in surface roughness 
is from 1 0 to 1 00 nm and the pitch of surface roughness 
is larger than the difference in the surface roughness 
and not larger than 25 times thereof, will have the pho- 
toelectric conversion characteristics improved by a light- 
trapping effect, without bringing about a decrease of an 
open circuit voltage or a decrease of the production 
yield. However, the means to realize the surface rough- 
ness in this process is chemical etching like in the 
above-mentioned cases, whereby the process tends to 
be cumbersome, and there will be a problem in mass 
production. 

[001 0] The present invention has been made to solve 
such problems of the prior art. It is an object of the 
present invention to provide a substrate with a transpar- 
ent conductive oxide film (especially a substrate with a 
transparent conductive oxide film useful as a substrate 
for a thin film silicon type solar cell) which has a low re- 
sistance, a high transparency and a characteristic of 
having a good light scattering performance over a full 
wavelength region (from 300 nm to 3 urn) of solar ray 
and which is excellent in mass productivity, a process 
for its production, and a photoelectric conversion ele- 
ment (especially a solar cell) employing such a sub- 
strate. 

DISCLOSURE OF THE INVENTION 

[001 1 ] The above object can be accomplished by us- 
ing such a substrate with a transparent conductive oxide 
film provided by the present invention. Namely, the 
present invention has the following gists. 

(1 ) A substrate with a transparent conductive oxide 



film, comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate and 
constituted by a plurality of ridges and a plurality of 
flat portions, wherein the surfaces of the ridges and 
5 the flat portions have many continuous micron-size 

protrusions. 

The heights of the ridges are preferably from 
0.2 to 2.0 urn, and the pitches between the ridges 
(the distances between the tops of adjacent ridges) 
10 are linearly preferably from 0.1 to 2.0 um. 

(2) The substrate with a transparent conductive ox- 
ide film according to the above (1 ), wherein the pro- 
trusions have basal plane diameters of from 0.1 to 
0.3 um and height/basal plane diameter ratios of 

15 from 0.7 to 1.2. 

(3) A substrate with a transparent conductive oxide 
film, comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate, where- 
in the substrate with the transparent conductive ox- 

20 ide film, has a haze of from 10 to 95% over a full 

wavelength region of-from 400 to 800 nm, and the 
difference of the absolute values between the max- 
imum value andtheminimum value of the haze (the 
maximum value - the minimum value) is not more 

25 than 50%. 

(4) The substrate with a transparent conductive ox- 
ide film according tothe above (3), wherein the sub- 
strate with the transparent conductive oxide film, 
has a haze of from 40 to 70% (as an average of from 

30 400 to 600 nm) in a wavelength region of from 400 
to 600 nm and a haze of from 20 to 40% (as an av- 
erage of from 600 to 800 nm) in a wavelength region 
of from 600 to 800 nm. 

(5) A substrate with a transparent conductive oxide 
35 fi| mj comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate, where- 
in the transparent conductive oxide film comprises 
discontinuous small ridges made of a first oxide and 
a continuous layer made of a second oxide, formed 

*° on the small ridges, wherein the surface of the con- 

tinuous layer has many continuous micron-size pro- 
trusions. 

(6) The substrate with a transparent conductive ox- 
ide film according to any one of the above (1 ) to (5), 

*5 wherein the substrate with the transparent conduc- 

tive oxide film, has a sheet resistance of from 8 to 
20 Q/D and an optical transmittance of from 80 to 
90% at 550 nm measured by an immersion liquid 
method. 

50 (7) The substrate with a transparent conductive ox- 

ide film according to the above (5), wherein the 
smali ridges have basal plane diameters of from 0.2 
to 2.0 um. 

The first oxide is preferably transparent. 
? 5 (8) The substrate with a transparent conductive ox- 

ide film according to the above (5), wherein the first 
oxide is composed of Sn0 2 or Sn0 2 containing flu- 
orine, the fluorine content being not more than 0.01 
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mol% based on Sn0 2 . 

The second oxide is preferably transparent. 

The second oxide preferably has electrical con- 
ductivity. 

(9) The substrate with a transparent conductive ox- 5 
ide film according Lo any one of the above (5) to (8), 
wherein ihe second oxide is a transparent conduc- 
tive oxide containing at least one member selected 
from the group consisting of Sn0 2 , ZnO and ln 2 0 3 . 

(10) The substrate with a transparent conductive 10 
oxide film according to any one of the above (5) to 

(9), wherein the second oxide is Sn0 2 containing 
fluorine-doped tin as the main component, contains 
fluorine in an amount of from 0.01 to 4 mol% based 
on Sn0 2 and has a conductive electron density of 15 
from 5x10 19 to 4x1 0 20 enrr 3 . 

(11) The substrate with a transparent conductive ox- 
ide film according to any one of the above (5) to (1 0), 
wherein a film made of an oxide different in the com- 
position from the first and second oxides, is formed 20 
between the discontinuous small ridges made of the 
first oxide and the continuous layer made of the sec- 
ond oxide. 

(12) The substrate with a transparent conductive 
oxide film according to the above (11), wherein the 25 
first oxide is Sn0 2 , the different oxide is Si0 2 , and 
the second oxide is fluorine-doped Sn0 2 . 

(13) The substrate with a transparent conductive 
oxide film according to the above (1), (2), (5), (6), 

(7), (8), (9) , (1 0), (1 1 ) or (1 2), wherein the substrate 30 
with the transparent conductive oxide film, has a 
haze of from 1 0 to 95% over a full wavelength region 
of from 400 to 800 nm. 

(14) A process for producing the substrate with the 
transparent conductive oxide film as defined in any 35 
one of the above (1 ) to (1 3), which comprises form- 
ing, on a transparent substrate, discontinuous small 
ridges made of a first oxide by an atmospheric pres- 
sure CVD method, and forming thereon a continu- 
ous layer made of a second oxide. *o 

(15) The process for producing the substrate with 
the transparent conductive oxide film according to 
the above (14), wherein the small ridges are formed 
by an atmospheric pressure CVD method employ- 
ing tin tetrachloride, water and hydrogen chloride. 

(16) The process for producing the substrate with 
the transparent conductive oxide film according to 
the above (14), wherein the continuous layer made 
of the second oxide is formed on the discontinuous 
small ridges made of the first oxide, by an atmos- so 
pheric pressure CVD method. 

(17) The process for producing the substrate with 
the transparent conductive oxide film according to 
the above (16), wherein a film made of an oxide dif- 
ferent in the composition from the first and second 55 
oxides, is formed between the discontinuous small 
ridges made of the first oxide and the continuous 
layer made of the second oxide, by an atmospheric 



pressure CVD method. 

(18) A photoelectric conversion element having a 
rear face electrode, via a photoelectric conversion 
layer, on the substrate with the transparent conduc- 
tive oxide film as defined in any one of the above 
(1)to(13). 

(19) The photoelectric conversion element accord- 
ing to the above (18). wherein the photoelectric con- 
version layer is a layer having p-, i- and n-type-lay- 
ers formed in this order. 

(20) The photoelectric conversion element accord- 
ing to the above (18), wherein the rear face elec- 
trode is a metal film containing Ag in an amount of 
at least 95 mol% in the film. 

(21) The photoelectric conversion element accord- 
ing to the above (20), wherein the metal film con- 
tains Pd or Au in an amount of from 0.3 to 5 mol% 
in the film. 

(22) The photoelectric conversion element accord- 
ing to any one of the above (18) to (21), which has 
a contact- improving layer between the rear face 
electrode and the n-type-layer nearest to the rear 
face electrode, between the photoelectric conver- 
sion layer and the rear face electrode. 

(23) The photoelectric conversion element accord- 
ing to the above (22), wherein the contact-improv- 
ing layer has a resistivity" of not more than 1 X10" 2 
Q-cm. 

(24) The photoelectric conversion element accord- 
ing to the above (22) or (23), wherein the contact- 
improving layer has an absorption coefficient of not 
more than 5X1 0 3 cm" 1 in a wavelength region of 
from 500 to 800 nm. 

(25) The photoelectric conversion element accord- 
ing to any one of the above (22) to (24), wherein the 
contact-improving layer contains zinc oxide (ZnO) 
as the main component, and at least 90 atomic % 
of the total metal component in the layer is Zn. 

(26) The photoelectric conversion element accord- 
ing to the above (25), wherein the layer containing 
ZnO as the main component, contains Ga or Al in 
an amount of from 0.3 to 10 mol% based on the 
summation with Zn. 

[0012] The above contact-improving layer is prefera- 
bly formed by a sputtering method which is carried out 
in an inert gas containing carbon dioxide in an amount 
of from 0.3 to 20 vo!%. 

[0013] Film-forming by such a sputtering method is 
preferably carried out by having the target inclined at an 
angle of from 30 to 90° to the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a partly omitted cross-sectional view show- 
ing the shape and construction of the substrate with 
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a transparent conductive oxide film of the present 
invention. 

Fig. 2 is an enlarged view of a ridge shown in Fig. 1 . 
Fig. 3 is electron microscopic photographs showing 
the shapes of small ridges formed by using hydro- 
gen chloride gas. and a. b : c and d represent pro- 
duction examples under different conditions, re* 
spectively. 

Fig. 4 is a partly omitted cross-sectional view show- 
ing the construction of a solar cell. 
Fig. 5 is an enlarged view of the portion other than 
conductive wires, shown in Fig. 4. 
Fig. 6A and Fig. 6B are electron microscopic pho- 
tographs showing the surface morphology of the 
film obtained in an Example of Production Example 
1. 

Fig. 7A and Fig. 7B are electron microscopic pho- 
tographs showing the surface morphology of the 
film obtained in Production Example 2. 
Fig. 8 is electron microscopic photographs showing 
small ridges ; wherein A shows the first oxide layer 
and B shows the second oxide layer formed there- 
on. 

Meanings of symbols 
[0015] 



1 : glass substrate 

3: flat portion 

5: continuous layer 

W a : distance between ridges 

W c : distance between small ridges 

H a : height of ridge 

H c : height of small ridge 

2: ridge 

4: small ridge 

10: protrusion 

H b : height of protrusion 

H d , H e : thickness of continuous layer 

D a : basal plane diameter of ridge 

D b : basal plane diameter of protrusion 

D c : basal plane diameter of small ridge 

P a : pitch between ridges 

P b : pitch between protrusions 

P c : pitch between small ridges 

20: solar cell 

21 : transparent insulating substrate 

22: transparent conductive film 

23: p-type-iayer 

24: i-type-layer 

25: n-type-layer 

26: photoelectric conversion layer 

27: rear face electrode 

28: light 

29: conductor wire 

40: substrate for solar cell 

41 : contact-improving layer 



42: p-i-n-type-layer of a-Si 

43: rear face electrode 

44: glass substrate 

45: transparent conductive oxide film 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] Now, the present invention will be described in 
detail. 

io [0017] The shape and construction of the substrate 
with a transparent conductive oxide film of the present 
invention will be described with reference to Figs. 1 and 
2. However, the substrate with a transparent conductive 
oxide film of the present invention, the process for its 

15 production and the photoelectric conversion device 
(hereinafter a specific example of a solar cell will be de- 
scribed) are not limited thereto. 

[0018] As shown in Fig. 1 , the substrate with a trans- 
parent conductive oxide film of the present invention 

20 has, on a glass substrate 1, macro-sized roughness 
(texture) formed by a plurality of discontinuous ridges 2 
and a plurality of flat portions 3 filling gaps between such 
ridges, and has a structure wherein the outer surfaces 
of the ridges 2 and the flat portions 3 have microrough- 

25 ness (texture). Hereinafter, the structure having two 
roughnesses as described above, will be referred to as 
a double texture structure. 

[001 9] The height H a of the ridge (the height from the 
top of the micron-size protrusions on the flat portions) 

30 is preferably from 0.2 to 2.0 u.m, more preferably from 
0.3 to 1 .0 am, further preferably from 0.4 to 0.7 urn. The 
spacing W a between the ridges (the distance of the flat 
portion between the adjacent ridges) is linearly prefera- 
bly from 0 to 2.0 urn, more preferably at most 1 .2 urn, 

35 further preferably al most 0.4 urn, particularly preferably 
at least 0.1 u.m (every ridge is discontinuous). In the 
present invention, the plurality of ridges may have a dis- 
continuous portion and a continuous portion, and the 
spacing W a between ridges being from 0 to 2.0 urn, 

40 means that there may be a portion whore no flat portion 
is present. 

[0020] Further, the basal plane diameter D a of the 
above ridge is preferably from 1 .0 to 3.0 urn, more pref- 
erably from 1 .0 to 2.0 urn. 

45 [0021 ] Further, the pitch P a between the above ridges 
(the distance between the tops of the adjacent ridges) 
is linearly preferably from 0.1 to 2.0 pm ; more preferably 
from 0.5 to 1 .5 um : further preferably from 0.7 to 1 .2 urn. 
[0022] An enlarged view of Fig. 1 showing the above- 

50 mentioned microroughness, is shown in Fig. 2. As 
shown in Fig. 2. the height H b of a protrusion 10 is pref- 
erably from 0.05 to 0.2 um, more preferably from 0.1 to 
0.2 am. Further, the pitch P b between the protrusions 
(the distance between the tops of the adjacent protru- 

55 sions) is linearly preferably from 0.1 to 0.3 urn, more 
preferably from 0.1 to 0.2 um. 

[0023] Further, the basal plane diameter D b of the 
above protrusion 10 is preferably from 0.1 to 0.3 um : 
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more preferably from 0.15 to 0.3 urn, and the ratio of 
height H^basal plane diameter D b of the protrusion 10 
is preferably from 0.7 to 1 .2, more preferably from 0.7 
to 1.0. 

[0024] By making the outer surfaces of the ridges 2 
and the flat portions 3 to have roughness (microrough- 
ness) smaller than the roughness (macro-sized rough- 
ness) of such ridges : it is possible to intensely scatter 
light with a short wavelength, whereby it becomes pos- 
sible to effectively scatter light in a wide wavelength 
range as a whole. Namely, it is possible to scatter light 
with a long wavelength by ridges having large rough- 
ness and to scatter light with a short wavelength by the 
surface with small roughness. 

[0025] Further, by virtue of the above-mentioned dou- 
ble texture structure, the substrate with a transparent 
conductive oxide film of the present invention has the 
following relation between the wavelength and the haze 
over the entire substrate. Namely, over a full wavelength 
region of from 400 to 800 nm : the haze is from 10 to 
95%. The haze is preferably from 40 to 70% in a wave- 
length region of from 400 to 600 nm, particularly prefer- 
ably from 20 to 40% in a wavelength region of from 600 
to 800 nm. Further, the difference between the maxi- 
mum value and the minimum value of the haze (the max- 
imum value - the minimum value) is preferably not more 
than 50%. 

[0026] . A substrate to be used as the substrate with a 
transparent conductive oxide film of the present inven- 
tion is not necessarily required to be flat and a plate- 
shaped, and it may have a curved surface or an abnor- 
mal profile. Such a substrate may, for example, be a 
glass substrate, a ceramic substrate, a plastic substrate 
or a metal substrate. The substrate is preferably a trans- 
parent substrate excellent in optical transmittance, and 
it is preferably a glass substrate from the viewpoint of 
the strength and heat resistance. As such a glass sub- 
strate, a transparent glass plate made of colorless trans- 
parent soda lime silicate glass, aluminosilicate glass, 
borate glass, lithium aluminosilicate glass, quartz glass, 
borosilicate glass substrate, no-alkali glass substrate or 
various other glass, may be employed. 
[0027] When it is used as a substrate for a solar cell, 
the glass substrate preferably has a thickness of from 
0.2 to 6.0 mm. Within this range, the glass substrate has 
high strength and high optical transmittance. Further, 
the substrate preferably has a high optical transmit- 
tance, for example, an optical transmittance of at least 
80%, in a wavelength region of from 350 to 800 nm. Fur- 
ther, it preferably has a sufficient insulating property and 
high chemical and physical durability. 
[0028] Further, in the case of a glass substrate made 
of glass containing sodium such as soda lime silicate 
glass, or a glass substrate made of a low alkali-contain- 
ing glass, in order to minimize diffusion of an alkali com- 
ponent from the glass to a transparent conductive film 
formed thereon, an alkali barrier layer such as a silicon 
oxide film, an aluminum oxide film or a zirconium oxide 



film, may be formed on the glass substrate surface. 
[0029] Further, on the surface of the glass substrate, 
a layer to reduce the difference in the refractive index 
between the surface of the glass substrate and the layer 

5 formed thereon, may further be formed. 

[0030] The alkali barrier layer to be formed on a soda 
lime glass substrate may, for example, be Si0 2 , or a 
mixed oxide film or a multilayer film of Si0 2 and Sn0 2 , 
and the film thickness is preferably from 20 to 100 nm, 

fo |f the film thickness is within this range, it is possible to 
control absorption and reflection of a transmitted light 
from the glass substrate. As an example of the multilay- 
er film, a film may be mentioned wherein a Sn0 2 film 
and a Si0 2 film are sequentially deposited on a soda 

15 lime glass substrate, and the film thicknesses are pref- 
erably from 20 to 30 nm and from 20 to 40 nm, respec- 
tively. Especially, the thickness of the alkali barrier layer 
is preferably from 40 to 60 nm. 

[0031] With respect to measurement of the surface 
20 condition, the microroughness formed on the outer sur- 
face can be measured by the following methods. 

(1) Analysis of the surface profile 

25 [0032] Protrusions on the film surface were observed 
by a scanning electron microscope (SEM), and from the 
obtained microscopic photograph, the basal plane di- 
ameters of the protrusions were measured. Further the 
surface morphology of the film was observed by SEM 

30 and by an atomic force microscope (AFM), and from the 
obtained microscopic photograph, the surface morphol- 
ogy of the film and the heights of the protrusions were 
analyzed. 

35 (2) Measurement of the surface coverage 

[0033] The coverage on the substrate by small ridges 
made of the first oxide was measured from the SEM 
photograph. A value obtained by dividing the area oc- 
40 cupied by small ridges on the substrate by the area of 
the entire covered surface of the substrate was evalu- 
ated as the surface coverage. 

[0034] The substrate with a transparent conductive 
oxide film of the present invention may be such that a 

45 transparent conductive oxide film having the above- 
mentioned double texture structure may be formed on 
a transparent substrate, and the above structure may 
be formed by a single oxide, but preferably it is consti- 
tuted by the first and second oxides which will be de- 

50 scribed hereinafter. 

[0035] The shape of the substrate with a transparent 
conductive oxide film of the present invention comprises 
the above ridges 2 and the flat portions 3, as shown in 
Fig. 1, and its construction is preferably such that the 

55 ridges 2 and the flat portions 3 are formed by discontin- 
uous small ridges 4 made of the first oxide formed on a 
glass substrate 1 and a continuous layer 5 made of a 
second oxide 2, formed thereon. 
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[0036] Now : a preferred embodiment employing an 
atmospheric pressure CVD method, of the process for 
producing the substrate with a transparent conductive 
oxide film of the present invention, will be described : but 
the process of the present invention is not limited there- 
Lo. 

[0037] A soda lime glass subslrale is healed to 500°C 
in a belt conveyor furnace, and on this glass substrate.. 
4 L/min of nitrogen gas containing 5 mol% of silane gas 
and 20 L/min of oxygen gas are simultaneously blown 
to form a silica film. Thon : this glass substrate wjth a 
silica film is heated to 540°C : and tin tetrachloride, water 
and hydrogen chloride gas are simultaneously blown to 
form discontinuous small ridges made of a first oxide on 
the silica film. 

[0038] The surface coverage of the discontinuous 
small ridges made of the first oxide on the glass sub- 
strate is from 10 to 70%, and if the surface coverage is 
within this range., the haze will be from 10 to 95% over 
a full wavelength region of from 400 to 800 nm ; such 
being preferred. Further such surface coverage is pref- 
erably from 50 to 60%, and if the surface coverage is 
within this range, after formation of the second oxide, 
the haze will be from 40 to 70% (as an average of from 
400 to 600 nm) or from 20 to 40% (as an average of 
from 600 to 800 nm), and the difference of the absolute 
values between the maximum value and the minimum 
value of the haze (the maximum value - the minimum 
value) will be not more than 50%, such being preferred. 
The surface coverage can be adjusted by controlling the 
above-mentioned" hydrogen chloride gas and the above- 
mentioned amount of water. As will be apparent from 
Examples given hereinafter, It is preferred to increase 
the proportion of hydrogen chloride gas to be added dur- 
ing formation of discontinuous small ridges made of the 
first oxide by the atmospheric pressure CVD method. 
The proportion of hydrogen chloride to be added is rep- 
resented by the molar ratio of hydrogen chloride to tin 
tetrachloride (hereinafter referred to as HCI/SnCI 4 ), and 
HC!/SnCI 4 is preferably from 1 .0 to 4.0. If HCI/SnCI 4 is 
within this range, small ridges can easily be formed, and 
the above-mentioned surface coverage can be control- 
led. It is particularly preferred that HCI/SnCI 4 is from 2.0 
to 3.0. 

[0039] The above first oxide will be described. 
[0040] The above first oxide may be any oxide so long 
as it is highly transparent in a visible light region, and it 
may, for exampie } be Sn0 2: in 2 0 3 , ZnO ; CdO, Cdln 2 0 4 , 
CdSn0 3! Mgln 2 0 4 , CdGa 2 0 4l Galn0 3: lnGaZn0 4 , 
Cd 2 Sb 2 0 7 , Cd 2 Ge0 4: CuAI0 2 , CuGa0 2 , SrCu 2 0 2 ,Ti0 2 
or Al 2 0 3 . Among them, it is preferred to employ at least 
one oxide selected from the group consisting of Sn0 2 , 
ZnO and ln 2 0 3 . 

[0041] By forming such highly transparent small ridg- 
es on the above-mentioned transparent substrate and 
changing their heights, a desired roughness structure 
can be prepared on the transparent substrate. 
[0042] The refractive index is preferably from 1.8 to 



2.2, more preferably from 1 .9 to 2.1 at a wavelength of 
from 400 to BOO nm. 

[0043] Further, the small ridges made of the above 
first oxide are discontinuous protrusions and not a con- 

5 tinuous film. Therefore, atthe transparent substrate por- 
tions nol covered by such profusions, the absorption 
loss of incident fight by small ridges is, of course, 0, and 
thus, the amount of incident light to the photoelectric 
conversion layer can be increased. 

w [0044] These small ridges are portions to increase the 
haze which will bo described hereinafter (to increase the 
scattering degree of light) and preferably have no elec- 
trical conductivity in order to accomplish high transpar- 
ency by suppressing absorption by free electrons. Ac- 

15 cordingly. in a case where Sn0 2 is used as the first ox- 
ide, it is preferred that the small ridges are made solely 
of Sn0 2 , or in a case where they contain fluorine, the 
fluorine content is preferably not more than 0.01 mo!%, 
more preferably not more than 0.005 mol%. based on 

20 Sn0 2 . 

[0045] Then, a continuous layer of a transparent con- 
ductive oxide being the second oxide is formed on the 
discontinuous small ridges made of the first oxide and 
on the flat glass substrate not covered by the small ridg- 
es es, by means of an atmospheric pressure CVD method, 
an electron beam vapor deposition method, a vacuum 
vapor deposition method, a sputtering method or a 
spray method. To obtain a low resistance transparent 
conductive substrate, it is advisable to uniformly form a 
30 continuous layer (hereinafter referred to also as the sec- 
ond oxide layer) made of a transparent conductive oxide 
being the second oxide on the small ridges and also on 
the fiat glass substrate not covered by the small ridges. 
[0046] Further, if a normal CVD method is employed, 
35 [he microroughness to be formed on the outer surface, 
can be formed without requiring an etching step. Ac- 
cordingly, the transparent conductive oxide film as the 
second oxide layer is preferably formed by such an at- 
mospheric pressure CVD method. 
40 [0047] The second oxide layer will be described. 

[0048] The second oxide is preferably a transparent 
conductive oxide which is transparent in a visible light 
region and which further has electrical conductivity, and 
it may, for example, be Sn0 2 , ln 2 0 3 or ZnO containing 
45 a dopant to provide electrical conductivity. Among them, 
Sn0 2 preferably contains fluorine or antimony as a do- 
pant in an amount of from 0.01 to 4 mol% based on 
Sn0 2 . ZnO preferably contains at ieast one member se- 
lected from the group consisting of B, Al and Ga : as a 
50 dopant, in an amount of from 0.02 to 5 mol% based on 
ZnO. ln 2 0 3 preferably contains Sn in an amount of from 
0.02 to 4 mol% based on ln 2 0 3 . 

[0049] The refractive index is preferably from 1.8 to 
2.2, more preferably from 1 .9 to 2.1 , at a wavelength of 
55 from 400 to 800 nm. 

[0050] In a case where Sn0 2 is used as the above 
second oxide in order to improve the electricai conduc- 
tivity of the second oxide, it is preferred to have a halo- 
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gen atom doped by a hydrogen halide. The hydrogen 
halide may, for example, be HF, HCI, HBr or HI, but flu- 
orine-doped Sn0 2 is preferred. Specifically, it is for ex- 
ample preferred to have fluorine incorporated in an 
amount of from 0.01 to 4 mol% 5 more preferably from 
0.1 lo 1 mot%, Lo Sn0 2 . 

[0051 ] Further, the conducLive electron density will be 
improved by using fluorine-doped Sn0 2 as the above 
second oxide. As the substrate to be used for a solar 
cell, the conductive electron density may be preferably 
within a range of from 5x1 0 19 to 4X10 20 cm' 3 , more 
preferably within a range of from 1 x10 20 to 2x10 20 
cm -3 . Within this range, the amount of light absorption 
of the film is small, and the film is highly transparent and 
has high durability against active hydrogen species, 
whereby the transparency will not be lost by hydrogen 
plasma irradiation commonly employed at the time of 
forming a thin film silicon-type solar cell which will be 
described hereinafter. 

[0052] Here, the height H c of the small ridge made of 
the first oxide is preferably from 0.2 to 2.0 um, more pref- 
erably from 0.2 to 1 .0 um. further preferably from 0.4 to 
0.7 um. The distance W c between the small ridges is 
linearly preferably from 0.1 to 2.0 am, more preferably 
from 0.1 to 1 .5 u.m. 

[0053] Further, the basal plane diameter D c of the 
small ridge is preferably from 0.2 to 2.0 um, more pref- 
erably from 0.2 to 1 .0 um, and the pitch P c between the 
small ridges (the distance of the tops between the adja- 
cent small ridges) is of the same value as P a and is lin- 
early preferably from 0.1 to2.0um, more preferably from 
0.5 to 1 .5 um, further preferably from 0.7 to 1 .2 um. 
[0054] The continuous layer 5 made of the second ox- 
ide is continuously formed on the above small ridges 4 
and on the glass substrate 1 where no small ridges 4 
are formed. 

[0055] Further, as shown in Fig. 2, the surface of the 
continuous layer 5 has many micron-size protrusions 1 0 
as mentioned above, and the thickness H d of the con- 
tinuous layer 5 on the small ridges 4 (including the mi- 
cron-size protrusions) is preferably from 0.5 to 1 .0 |xm, 
more preferably from 0.5 to 0.7 am. Likewise, the thick- 
ness H e of the continuous layer 5 on the glass substrate 
1 (including the micron-size protrusions) is preferably 
from 0.5 to 1 .0 um, more preferably from 0.5 to 0.7 um. 
[0056] The same oxide may be used forthe first oxide 
and the second oxide, and it is preferred to use Sn0 2 
for each of them. 

[0057] The method for producing small ridges made 
of the first oxide on the substrate is not particularly lim- 
ited. For example, using a metal chloride as the starting 
material and heating the substrate, the oxide is formed 
by an atmospheric pressure CVD method, wherein a 
mixture of the metal chloride, a hydrogen halide and wa- 
ter, is used, whereby the metal element concentration 
in these media is adjusted. Specifically, the amounts of 
the hydrogen halide and water are adjusted to the metal 
chloride. 



[0058] In order to form the second oxide layer on the 
small ridges of the first oxide as a continuous layer to 
obtain a transparent conductive oxide film having ridges 
and flat portions of the present invention, a thin oxide 

5 layer made of an oxide having a composition different 
from the first and second oxides, may be formed be- 
tween the first and second oxides, whereby the produc- 
tion can be made easily and certainly. 
[0059] Therefore, it is preferred that after forming a 

10 thin oxide layer (hereinafter referred to also as a differ- 
ent oxide layer) made of an oxide having a composition 
different from the first and second oxides on the surface 
of a flat glass substrate containing discontinuous small 
ridges made of the first oxide, the second oxide layer is 

15 deposited. By forming such a layer on the first oxide, 
many micron-size protrusions will be readily formed on 
the surface of the second oxide layer, whereby the struc- 
ture having ridges and flat portions of the present inven- 
tion can easily be formed. 

20 [0060] In such a multilayer structure, it is necessary 
to reduce the reflection at the interfaces between the 
respective layers to maximize the amount of incident 
light to the photoelectric conversion layer of a solar cell 
which will be described hereinafter. Namely, it is desired 

25 to reduce reflection of light at the respective interfaces 
among the glass substrate, the first oxide, the different 
oxide layer and the second oxide layer as far as possi- 
ble. For this purpose, it is desired that the refractive in- 
dices of the first oxide, the second oxide layer and the 

30 different oxide layer are close to one another as far as 
possible, and the film made of the different oxide layer 
is desired to be as thin as possible. Specifically, an oxide 
of at least one element selected from the group consist- 
ing of Si, Sn, Al, Zr andTi may be mentioned, and among 

35 them, a layer containing an oxide of Si as the main com- 
ponent, is preferred. 

[0061] Further, the different oxide layer is required to 
have high optical transmittance, and accordingly amor- 
phous Si0 2 is more preferred. The film thickness is pref- 
40 erabiy from 2 to 40 nm, more preferably from 10 to 30 
nm. 

[0062] A method for forming the different oxide layer 
and the second oxide layer will be shown below. As the 
different oxide layer, a layer made of Si0 2 may, for ex- 

45 ample, be used. Using an atmospheric pressure CVD 
method, the layer made of Si0 2 is formed on the discon- 
tinuous small ridges made of the first oxide and on the 
flat glass substrate where no small ridges are formed. 
[0063] Specifically, a glass substrate having small 

50 ridges made of the first oxide formed thereon, is heated 
to 520°C, and on this glass substrate, 4 L/min of nitrogen 
gas containing 5 mol% of silane gas and 3 L/min of ox- 
ygen gas are simultaneously blown to form a layer made 
of amorphous Si0 2 by an atmospheric pressure CVD 

55 method. Further, this glass substrate is heated to 540°C, 
and tin tetrachloride, water, hydrogen fluoride and meth- 
anol are simultaneously blown thereto, and an atmos- 
pheric pressure CVD method is employed to form a flu- 
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orine (F)-doped Sn0 2 transparent conductive oxide fiim 
as the second oxide layer. 

[0064] Further the transparent conductive oxide as 
the second oxide may. for example, be F-doped Sn0 2: 
antimony-doped Sn0 2 , Sn-doped ln 2 0 2 (ITO), alumi- 
num-doped ZnO or gallium-doped ZnO. 
[0065] In Lhe subslrale with a transparent conductive 
oxide fiim of the present invention, the first oxide is pref- 
erably one formed to improve the haze : and the second 
oxide is preferably an oxide having electrical conductiv- 
ity and high transparency. Further the refractive indices 
of the first oxide and the second oxide layer are prefer- 
ably of an equal level and specifically at a level of from 
1 .8 to 2.2. If both the refractive indices of the first oxide 
and the second oxide are in this range, reflection of light 
at the interface between the first oxide and the second 
oxide will be controlled, whereby the optical transmit- 
tance will not decrease, such being desirable. 
[0066] The first oxide is preferably one to improve the 
haze. Whereas, the second oxide layerformed as a con- 
tinuous layer is preferably an oxide having electrical 
conductivity and high transparency. 
[0067] The substrate with a transparent conductive 
oxide film of the present invention is constituted by a 
plurality of ridges having the above-described shape 
and a plurality of flat portions filling spacing between the 
ridges, and the surfaces of the ridges and the fiat por- 
tions have many continuous micron-size protrusions. 
The height from the substrate surface to the top of the 
ridge (including the micron-size protrusions) is prefera- 
bly from 0.8 to 3.0 u.m, more preferably from 0.8 to 1 .0 
u.rn, and the sheet resistance of the entire conductive 
film is preferably from 8 to 20 more preferably from 
8 to 12 P7Q The optical transmittance (transparency) at 
550 nm is preferably from 80 to 90%, more preferably 
from 85 to 90%, as measured by an immersion liquid 
method which will be described in detail in Examples 
given hereinafter. Further, as mentioned above, the 
haze is preferably from 1 0 to 95% over a full wavelength 
region of from 400 to 800 nm. 

[0068] If the above-described construction is em- 
ployed for a transparent electrode (the transparent con- 
ductive oxide film in the present invention) of a photoe- 
lectric conversion element such as a solar cell which will 
be described hereinafter, light entered through the sub- 
strate is refracted and scattered by the transparent elec- 
trode and then enters a photoelectric conversion section 
and passes over a long distance in the photoelectric 
conversion section. As a result, a large quantity of light 
will be absorbed at the photoelectric conversion section, 
whereby the photoelectric conversion efficiency will be 
improved. 

[0069] Now, a preferred embodiment showing the 
construction of a phoioeiectric conversion element of 
the present invention (hereinafter described as a solar 
cell) comprising the above-described substrate with a 
transparent conductive oxide film, a photoelectric con- 
version layerand a rearface electrode, will be described 



with reference to Fig. 4. However, the .substrate with a 
transparent conductive oxide film of the present inven- 
tion, the solar cell and the processes for their production 
are not limited thereto. 

5 [0070] As shown in Fig. 4, the solar cell of the present 
invention is shown at 20 and has. on a glass subsLrate 
21 , a transparent conductive oxide film 22 to be used 
for the substrate with a transparent conductive oxide film 
of the present invention, a photoelectric conversion lay- 

10 er 26 and a rear face electrode 27. This construction is 
one of photoelectric conversion apparatus which can be 
produced at a relatively low cost. Such a solar cell 20 is 
designed so that light 28 enters from the glass substrate 
21 side and is mainly absorbed within the i-type-layer 

15 24. An electromotive force is generated between two 
electrodes i.e. the transparent conductive oxide film 22 
and the rearface electrode 27, and the electricity will be 
taken out from the solar cell via a conductive wire 29. 
[0071] Now, the respective constructions will be de- 
20 scribed. 

[0072] The photoelectric conversion layer 26 may be 
any layerso long as it is a photoelectric conversion layer 
which can be used for a common solar cell. The struc- 
ture of the photoelectric conversion layer 26 shown in 

25 Fig. 4 is a single junction comprising three layers where- 
in a p-type-layer 23, an i-type-layer 24 and an n-type- 
Iayer25 are formed in this order. The material for the p- 
type-layer may, for example, be hydrogenated amor- 
phous silicon carbide (a-SiC:H), and the material forthe 

30 i-type-layer may, for example, be hydrogenated amor- 
phous silicon (a-Si:H), crystalline silicon (c-Si), microc- 
rystalline silicon (u.c-Si), or hydrogenated amorphous 
silicon germanium (a-SiGe:H). Further, the material for 
the n-type-layer may, for example, be hydrogenated 

35 amorphous silicon (a-Si:H) or microcrystalline silicon 
(uc:Si). 

[0073] Among them, preferred is a single junction of 
three layers wherein an a-SiC:H layer as the p-type-lay- 
er, an a-Si:H layer as the i-type-layer and an a-Si:H layer 
40 as the n-type-layer are formed in this order (hereinafter 
a p-i-n-type-layer of a-Si). 

[0074] Further, as another example, an electric power 
generation layer of a tandem structure wherein on the 
p-i-n-type-layer of a-Si, a still another p-i-n-type-iayer is 

45 formed, may for example, be preferably used. More pre- 
ferred is an electromotive layer of a tandem structure 
wherein the layer formed on the p-i-n-type-layer of a-Si 
is three layers wherein an a-Si:H layer as the p-type- 
layer, a microcrystalline Si layer as the i-type-layer and 

50 an a-Si:H layer as the n-type-layer are formed in this 
order, or three layers wherein an a-Si:H layer as the p- 
type-layer, an a-SiGe:H layer as the i-type-layer and an 
a-Si:H layer as the n-type-iayer are formed in this order. 
By using the electromotive layer of a tandem structure 

55 for the photoelectric conversion layer, photoelectric con- 
version of light on not only the short wavelength side but 
also on the long wavelength side will be possible. Ac- 
cordingly, if the electromotive layer having such a tan- 
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dem structure is employed on the substrate with a trans- 
parent conductive oxide film of the present invention 
having the double texture structure, the effect for im- 
proving the photoelectric conversion efficiency will be 
more distinct. 

[0075] Next, as the electrode material for the above 
back electrode layer 27, a layer containing Ag or an Ag 
alloy, or Al or an Al alloy, as the main component, may 
be used. Preferably, a metal film containing crystalline 
Ag in an amount of at least 95 mol% in the film, is em- 
ployed. By using crystalline Ag for the metal film of the 
rear face electrode, it becomes possible that light 
passed through the photoelectric conversion layer 26 is 
reflected, and the reflected light can be returned again 
to the photoelectric conversion layer 26, thus leading to 
the effect for improving the photoelectric conversion ef- 
ficiency. 

[0076] The above metal film may contain Pd and/or 
Au as a component. The content of Pd and Au in the 
film is preferably from 0.3 to 5 mol% each, more prefer- 
ably from 0.3 to 3 mol% each , based on the sum with Ag. 
[0077] Further, in a case of a layer composed solely 
of Ag, the total amount of impurities is preferably not 
more than 1 mol%. 

[0078] The solar cell of the present invention may 
have a contact-improving layer between the above back 
electrode layer 27 and the photoelectric conversion lay- 
er 26, as shown in Fig. 4. An embodiment of a substrate 
for a solar cell having the transparent conductive oxide 
film of the present invention and the contact-improving 
layer, will be described with reference to Fig. 5. Howev- 
er, the substrate with a transparent conductive oxide film 
of the present invention, the process for its production 
and the photoelectric conversion element, are not limit- 
ed thereto. 

[0079] As shown in Fig. 5, the substrate for a solar cell 
is shown at 40 and comprises a glass substrate 44, the 
transparent conductive oxide film 45 of the present in- 
vention, a photoelectric conversion layer 42 made of a 
p-i-n-type-iaycr of a-Si, a contact-improving layer 41 
and a rear face electrode 43. 

[0080] The contact-improving layer 41 is located be- 
tween the above-mentioned p-i-n-type-layer of a-Si and 
the rear face electrode 43, as shown in Fig. 5, and is 
used to improve the contact of the photoelectric conver- 
sion layer represented by the p-i-n-type-layer of a-Si 
with the rear face electrode represented by the rear face 
electrode 43. 

[0081 ] Further, the contact-improving layer 41 is pref- 
erably such that the resistivity and the absorption coef- 
ficient are small. Specifically, the resistivity is preferably 
at most 1 :<10' 2 n-cm, more preferably at most 5x1 0* 3 
n-cm. If the resistivity of the above contact-improving 
layer 41 is within this range, it becomes possible to pass 
the electromotive force photoelectrically converted in 
the p-i-n-type-layer 42 of a-Si as the photoelectric con- 
version layer to the rear face electrode 43 as the rear 
face electrode without reducing it. 



[0082] The absorption coefficient is not more than 
5x1 0 3 cm' 1 , more preferably not more than 2x1 o 3 cm -1 
in a wavelength region of from 500 to 800 nm. If the ab- 
sorption coefficient of the above contact-improving layer 

5 41 is within this range, it becomes possible to pass the 
light passed through the p-i-n-type-layer 42 of a-Si as 
the photoelectric conversion layer to the rear face elec- 
trode 43 as the rear side electrode without absorption. 
[0083] The material forthe contact -improving layer 41 

10 preferably contains zinc oxide (ZnO) as the main com- 
ponent, whereby at least 90 atomic% of the total metal 
component in the film is preferably Zn. More preferred 
is a layer having gallium (Ga) incorporated to the above 
layer containing zinc oxide as the main component, or 

*5 a layer having aluminum (Al) incorporated thereto. By 
incorporating Ga or Al, the conductive electron density 
will be increased, and it serves as a dopantto zinc oxide, 
whereby it has an effect to improve the electroconduc- 
tivity of the entire contact-improving layer 41 . 

20 [0084] Further, the content of Ga or AMs preferably 
from 0.3 to 10 mol%, more preferably from 0.3 to 5 
mol%, based on the sum with Zn. If the content is within 
this range, it is possible to prevent an increase of the 
absorption coefficient of the contact-improving layer 41 

25 due to an excessive improvement of the electroconduc- 
tivity. 

[0085] Further, the zinc oxide layer containing Ga or 
Al may contain impurities, and the total amount of impu- 
rities is preferably not more than 1 mol%. 

30 [0086] The present invention provides a process for 
forming the above-mentioned solar cell by means of a 
plasma-enhanced CVD method or a sputtering method. 
[0087] Specifically, a method for forming a photoelec- 
tric conversion layer on the substrate with a transparent 

35 conductive oxide film of the present invention, is the 
plasma-enhanced CVD method. Further, a method of 
forming the above-mentioned contact-improving layer 
and the above-mentioned rear face electrode on the 
above photoelectric conversion layer in this order, is the 

40 sputtering method. 

[0088] The plasma-enhanced CVD method may be 
carried out under the conditions for forming a photoe- 
lectric conversion layer in a common solar cell, and for 
example, the p-i-n-type-iayer of a-Si may be formed un- 

^5 der the condition shown in Examples given hereinafter. 
[0089] The sputtering method is a method for forming 
the above-mentioned contact-improving layer on the 
above photoelectric conversion layer. Specifically, it is 
a method for depositing a contact-improving layer on the 

50 photoelectric conversion layer by carrying out sputtering 
in an inert gas atmosphere using Ga-doped zinc oxide 
(hereinafter GZO) as a target. 

[0090] Further, the method for forming the GZO layer 
is not particularly limited, and a physical vapor deposi- 
55 tion method such as a sputtering method or a vacuum 
vapor deposition method, or a chemical vapor deposi- 
tion method such as a CVD method may be employed. 
However, it is preferred to employ a physical vapor dep- 
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osition method, whereby good conductive film charac- 
teristics can be obtained at a lower substrate tempera- 
ture. In the following Examples, a DC sputtering method 
is employed, but this may be carried out by a high fre- 
quency sputtering method. 

[0091] Likewise, a meLhod for depositing a back elec- 
trode layer on Lhe GZO layer as the contact-improving 
layer by carrying out sputtering in an inert gas atmos- 
phere employing a metal containing at least 95 mol% of 
Ag (hereinafter referred to as a Ag type metaf) as a tar- 
get, is also a sputtering method. 

[0092] The solar cell of the present invention may be 
prepared, for example, as follows. Firstly, a GZO target 
to form the contact-improving layer is attached to a cath- 
ode of a DC magnetron sputtering equipment. Further, 
the substrate with a transparent conductive oxide film 
having a photoelectric conversion layer formed, is at- 
tached to the substrate holder. Then, the interior of the 
film-forming chamber is evacuated to vacuum , and then s 
argon gas is introduced as sputtering gas. As the sput- 
tering gas, other than the argon gas, an inert gas such 
as He, Ne or Kr may be employed. However it is pre- 
ferred to use argon gas which is inexpensive and where- 
by the discharge is stable. Further, it is more preferably 
an inert gas containing carbon dioxide in an amount of 
from 0.3 to 20 voi%, still more preferably from 0.3 to 10 
vol%. By incorporating carbon dioxide, it is possible to 
prevent an increase of the absorption coefficient due to 
an excessive improvement of the electrical conductivity 
by Ga doping. 

[0093] The pressure during the sputtering is usually 
from 0.1 to 1 .5 Pa. Further, the residual gas pressure is 
preferably from 1 .Ox 1 0' 5 to 2.5x1 0" 3 Pa. The substrate 
temperature is usually from room temperature to 200°C, 
particularly from 100 Lo 150°C, from Lhe viewpoint or the 
characteristics of the solar cell. 

[0094] Further, for the above film forming by sputter- 
ing, it is preferred to carry out sputtering by having the 
GZO target inclined at an angle of from 30 to 90° to the 
substrate (hereinafter referred to as inclined sputtering), 
whereby low resistance and low absorption can be ac- 
complished simultaneously. 

[0095] For the formation of the back electrode layer, 
in the same manner as for the contact-improving layer, 
firstly, a Ag type metal target to form the back electrode 
layer, is attached to a cathode of the DC magnetron 
sputtering equipment. Further, as mentioned above, 
substrate having the contact-improving layer formed 
thereon, is attached to the substrate holder. Then, the 
interior of the film-forming chamber is evacuatedto vac- 
uum, and then, argon gas is introduced as sputtering 
gas. As the sputtering gas, other than the argon gas, an 
inert gas such as He, Ne or Kr may be employed. How- 
ever, it is preferred to use argon gas which is inexpen- 
sive and whereby discharge will be stable. 
[0096] The pressure during the sputtering is also sim- 
ilar and is usually from 0.1 to 1 .5 Pa. Further, the residual ■ 
gas pressure is preferably from LOxlO -5 to 2.5 xiO' 3 



Pa. The temperature of the substrate during the sput- 
tering is usually from room temperature to 200°C, par- 
ticularly from 1 00°C to 1 50°C, from the viewpoint of the 
adhesion between the substrate and the film. It is pre- 
5 ferred to heatthe substrate during the sputtering, where- 
by improvement of crystallinity of Ag as the rear face 
electrode, improvement in Lhe reflectance and reduction 
of the resistance of the entire substrate can be obtained. 
[0097] Further when a Ag layer containing Pd and/or 
io Au is formed as the back electrode layer, separate tar- 
gets may be used for Pd and/or Au, or an Ag alloy con- 
taining Pd and/or Au having a desired composition , may 
be preliminarily prepared, and such an alloy may be 
used as the target. 
15 [0098] The respective film thicknesses of the photoe- 
lectric conversion layer, the contact-improving layer and 
the back electrode layer, formed by the above plasma- 
enhanced CVD method and the above sputtering meth- 
od, will be shown below. 
20 [0099] As mentioned above, when the photoelectric 
conversion layer is a tandem structure having a sepa- 
rate p-i-n-type-layer formed on the p-i-n-type-iayer of a- 
Si, it may have a tandem structure wherein the layer to 
be formed on the p-i-n-type-layer of a-Si is three layers 
25 wherein an a-Si:H layer as the p-type-layer, a microc- 
rystalline Si layer as the i-type-layer and an a-Si:H layer 
as the n-type-layer, are formed in this order or three lay- 
ers wherein an a-Si:H layer as the p-type-layer, an a- 
SiGe:H layer as the i-type-layer and an a-Si:H layer as 
30 the n-type-layer, are formed in this order. Accordingly, 
the film thickness of the photoelectric conversion layer 
varies depending upon the type of the electromotive lay- 
er to be formed. The thickness of the p-type-layer or the 
n-type-layer formed by the plasma-enhanced CVD 
35 method is within a range of from 5 lo 15 nm, and the 
thickness of the i-type-layer is from 1 00 to 400 nm. Fur- 
ther, the thickness of the microcrystalline Si layer in the 
tandem structure is from 500 to 3000 nm. 
[0100] The thickness of the contact-improving layer 
4 o formed by the sputtering method is preferably from 50 
to 200 nm, more preferably from 50 to 150 nm. When 
the contact-improving layer is a GZO layer, the film thick- 
ness is preferably from 50 to 1 50 nm. If the thickness of 
the contact-improving layer is within this range, an ad- 
4 $ equate effect for improving the contact can be obtained 
also for the double texture structure like the substrate 
with a transparent conductive oxide film of the present 
invention. 

[0101] Further, the thickness of the back electrode 
50 layer is preferably from 100 to 300 nm, more preferably 
from 150 to 250 nm. Especially when the back electrode 
layer is Ag, the thickness is preferably from 150 to 250 
nm. 

55 EXAMPLES 

[0102] A substrate with a transparent conductive ox- 
ide film of the present invention having a double texture 
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structure was prepared under the conditions as identi- 
fied in the following Examples. 

(1) PRODUCTION EXAMPLE 1 

Formation of firs! oxide 

a) EXAMPLE 

[0103] A substrate with a transparent conductive ox- 
ide film was prepared by an atmospheric pressure CVD 
method on a soda lime glass substrate. A soda lime 
glass substrate of 300 mm x 300 mm x 1.1 mm in thick- 
ness was heated to 500°C in a belt conveyor furnace 
(speed of the belt: 1 m/min), and firstly, 4 L/min of nitro- 
gen gas containing 5 mol% of silane gas and 20 L/min 
of oxygen gas were blown thereto simultaneously to 
form a silica film. Then, the glass substrate with this sil- 
ica film was heated to 540°C, and tin tetrachloride, water 
and hydrogen chloride gas were simultaneously blown 
thereto to form Sn0 2 as the first oxide. Tin tetrachloride 
was preliminarily heated to 45°C and transferred onto 
the substrate by blowing nitrogen gas at a rate of 2 U 
min. Further, water heated to 1 00°C was blown at a rate 
of 15 g/min, and hydrogen chloride gas was blown at a 
rate of 0.5 L/min to the substrate. 
[0104] After the film formation, the surface morpholo- 
gy of the film was observed by SEM, whereby Sn0 2 as 
the first oxide was found to be not a continuous film but 
form small ridges being macro-sized roughness. A SEM 
image of the substrate as observed from directly above, 
was image-processed and calculated, whereby the cov- 
erage of the glass substrate surface by Sn0 2 forming 
the small ridges, was 60%, the heights H c of the small 
ridges made of Sn0 2 were from 0.4 to 0.6 jam, the basal 
plane diameters D c of the small ridges made of Sn0 2 
were from 0.5 to 0.7 u,m, the distances W c between the 
adjacent small ridges were from 0.2 to 0.5 jam, and the 
pitches P c between the adjacent small ridges were from 
0.7 to 1 .2 ji.m. Further, by the measuring methods which 
will be described hereinafter, the sheet resistance of the 
small ridges made of the first oxide was found to be at 
least 20 MQ/Q the haze was found to be 55% (as an 
average of from 400 to 600 nm). or 70% (as an average 
of from 600 to 800 nm), and the optical transmtttance at 
550 nm measured by an immersion liquid method was 
88%. 

b) REFERENCE EXAMPLE 

[01 05] In the same manner as in the above Example, 
a soda lime glass substrate of 300 mm x 300 mm x 1 .1 
mm in thickness., was heated to 500°C in a belt conveyor 
furnace (speed of the belt: 1 m/min), and firstly, 4 L/min 
of nitrogen gas containing 5 mol% of silane gas and 20 
L/min of oxygen gas were simultaneously blown thereto 
to form a silica film. Then : the glass substrate with this 
silica film, was heated to 540°C, and tin tetrachloride, 



water and hydrogen chloride gas were blown thereto in 
the proportions as identified below, to form Sn0 2 as the 
first oxide. Here, tin tetrachloride was preliminarily heat- 
ed to 45°C and transferred onto the substrate by blowing 
5 nitrogen gas at a rate of 2 L/min. Whereas, water heated 
to 1 00°C was blown at a rate of 1 5 g/min and hydrogen 
chloride gas was blown at a rate of from 0 to 0.6 L/min 
to the substrate. Figs. 3a to 3d are electron microscopic 
photographs. 

10 [0106] Firstly : in the case where hydrogen chloride 
was not added : the shape of small ridges became the 
shape as shown in Fig, 3d (the height of the small ridges: 
300 nm), the surface coverage was 96% : and the haze 
of the entire transparent electrode finally obtainable was 

15 about 20% (as an average of from 400 to 800 nm). 
Whereas, in the case where the molar ratio of hydrogen 
chloride to tin tetrachloride (HCI/SnCI 4 ) was 1.1, the 
shape of the small ridges became the shape shown in 
Fig. 3c (the height of the small ridges: 390 nm), the sur- 

20 face coverage was 80%, and the haze of the entire 
transparent electrode finally obtainable was about 30% 
(as an average of from 400 to 800 nm). Likewise, in the 
case where HCI/SnCl 4 was 2.2 : the shape of the small 
ridges became the shape as shown in Fig. 3b (height of 

25 the small ridges: 570 nm), the surface coverage was 
53%, and the haze of the entire transparent electrode 
finally obtainable was about 60% (as an average of from 
400 to 800 nm). In a case where HCI/SnCI 4 was 3.3, the 
shape of the small ridges became the shape as shown 

30 in Fig. 3a (height of the small ridges: 730 nm), the sur- 
face coverage was 47%, and the haze of the entire 
transparent electrode finally obtainable was about 70% 
(as an average of from 400 to 800 nm). 

35 Formation of second oxide layer 

a) EXAMPLE 

[0107] Then, on the small ridges made of Sn0 2 ob- 

40 tained in the previous Example : an amorphous Si0 2 film 
as a different oxide layer was formed by means of an 
atmospheric pressure CVD method. The glass temper- 
ature was 520°C, the amount of the nitrogen gas con- 
taining 5 mol% of silane gas was 0.6 L/min, and the 

45 amount of the oxygen gas was 3L/min. Further, this sub- 
strate was heated to 540°C, and tin tetrachloride, water, 
HF gas and methanol were blown thereto to form a F- 
doped Sn0 2 film as a second oxide layer. The tin tetra- 
chloride was preliminarily heated to 45°C and trans- 

50 ferred onto the substrate by blowing nitrogen gas at a 
rate of 12 L/min. Whereas, water heated to 100°C was 
blown at a rate of 90 g/min, and the HF gas was blown 
at a rate of 3 L/min to the substrate. Further, to the meth- 
anol preliminarily heated to 30°C ; nitrogen gas was 

55 blown at a rate of 0.1 L/min : and the mixture was blown 
to the substrate. 

[0108] The surface morphology of the film was ob- 
served by SEM and AFM. According to the SEM obser- 
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vation, the F-doped Sn0 2 film as the second oxide layer 
was found to be continuous layer, and the coverage of 
the glass substrate surface by the F-doped Sn0 2 film 
was 1 00%. According to the SEM and AFM observation 
the heights H a of the ridges were from 0.4 to 0.6 um ; the 
distances W a between the adjacent ridges were from 0 
to 0.4 um : the basal plane diameters D a of the ridges 
were from 1.0 to 1.5 urn the pitches P a between the 
adjacent ridges were from 0.3 to 1 .2um : andthe heights 
from the substrate surface to the tops of the ridges (in- 
cluding micron-size protrusions) wore from 0.8 to 1.0 
um. Further, the surface of the F-doped Sn0 2 film had 
many micron-sized roughness, andthe heights H b ofthe 
protrusions were from 0.1 to 0.2 um ! the pitches P b be- 
tween the protrusions were from 0.1 to 0.2 um, the basal 
plane diameters D b of the protrusions were from 0.2 to 
0.3 um, and the height H b /basal plane diameter D b of 
the protrusions was 0.73. Further, from the measuring 
methods which will be described hereinafter, the sheet 
resistance was found to be 1 0 O/Q the haze was found 
to be 65% (as an average of from 400 to 600 nm) or 
30% (as an average of from 600 to 800 nm), and the 
optical transmittance at 550 nm measured by an immer- 
sion liquid method was 87%. 

[0109] In order to quantitatively analyze the conduc- 
tive electron density and the fluorine content in the F- 
doped Sn0 2 film as the second oxide layer, tin tetrachlo- 
ride, water, HF gas and methanol were blown onto a 
glass substrate having silica preliminarily coated, to 
form a F-doped Sn0 2 film. With respect to the substrate 
temperature and the gas flow rates, the same manner 
as the conditions for preparing the second oxide layer 
in this Example were used. The obtained F-doped Sn0 2 
film was dissolved in hydrochloric acid containing zinc, 
followed by quantitative analysis by gas chromatogra- 
phy, whereby the fluorine content was 0.05 mol% based 
on Sn0 2 . Further, the electron density was obtained by 
measurement by the Hall effect (van der Pauw method) 
and found to be 1.5 x10 20 cnr 3 . Further, the thickness 
of the F-doped Sn0 2 film was 0.6 um as measured by 
a contact type film thickness meter. 

(2) PRODUCTION EXAMPLE 2 

[01 1 0] For the formation of the first oxide, a silica film 
was prepared under the same manner as in Production 
Example 1 , and then, the glass substrate with the silica 
film was heated to 540°C : and tin tetrachloride, water, 
and hydrogen chloride gas were simultaneously blown 
thereto to form Sn0 2 as the first oxide. The tin tetrachlo- 
ride was preliminarily heated to 45°C and transferred 
onto the substrate by blowing nitrogen gas at a rate of 
4 L/min. Whereas, water heated to 100°C was blown at 
a rate of 30 g/min : and the hydrogen chloride gas was 
blown at a rate of 1 .0 L/min to the substrate. Formation 
of the second oxide layer was carried out under the 
same manner as in Production Example 1 . 
[0111] The roughness of the surface of the obtained 



film was observed by SEM and AFM. According to the 
SEM observation, like the film obtained in Example of 
Production Example 1 , the F-doped Sn0 2 film as the 
second oxide layer was a continuous layer, and the cov- 
erage of the glass substrate surface by the F-doped 
Sn0 2 film was 100%. According to the SEM and AFM 
observation, the heights H a of the ridges were from 0.8 
to 1 .2 am, the distances W a between the adjacent ridges 
were from 0 to 0.6 urn, the basal plane diameters D a of 
the ridges were from 1 .2 to 1 .8 urn, the pitches P a be- 
tween the adjacent ridges were from 0.6 to 2.0 urn, and 
the heights from the substrate surface to the tops of the 
ridges (including micron-size protrusions) were from 1 .4 
to 1 .8 um. Further, the surface of the F-doped Sn0 2 film 
had many micron-size irregularities, the heights H b of 
the protrusions were from 0.1 to 0.2 um, the pitches P b 
between the protrusions were from 0.1 to 0.2 um, the 
basal plane diameters D b of the protrusions were from 
0.2 to 0.3 um, and the height Hb/basal plane diameter 
D b of the protrusions was 0.73. Further, by the measur- 
ing methods which will be described hereinafter, the 
sheet resistance was found to be 1 1 £2/Q and the haze 
was found to be 82% (as an average of from 400 to 600 
nm) or 62% (as an average of from 600 to 800 nm), and 
the optical transmittance at 550 nm measured by an im- 
mersion liquid method was 86%. 

[0112] Electron microscopic photographs of the film 
obtained in Example of the above Production Example 
1 and the film obtained in Production Example 2 are 
shown in Figs. 6 and 7, respectively. Figs. 6A and Figs. 
6B are electron microscopic photographs showing the 
surface morphology of the film shown by 20000 magni- 
fications and 3500 magnifications, respectively. Like- 
wise, Fig. 7A and Fig. 7B are electron microscopic pho- 
tographs showing the surface morphology of the Him 
shown by 20000 magnifications and 3500 magnifica- 
tions, respectively. From these photographs, it was 
found that the substrate with a transparent conductive 
oxide film of the present invention having a transparent 
conductive oxide film formed on a substrate has a dou- 
ble texture structure. 

[0113] Now, the methods for measuring the sheet re- 
sistance, the haze and the optical transmittance of the 
obtained substrate with a film, will be described. The 
sheet resistance was measured by a four terminal meth- 
od. A square of about 3 cm x 3 cm was cut out from the 
substrate with a conductive oxide film, and a pair of elec- 
trodes having a length of 3 cm were attached at the op- 
posing two sides in parallel on the film so that the dis- 
tance between the electrodes would be 3 cm. Then, the 
resistance between the electrodes was measured by a 
tester and taken as the sheet resistance. The haze was 
measured by means of a spectro-photometer (U3400, 
manufactured by Hitachi, Ltd.). The measured wave- 
length range was from 400 to 800 nm, the measured 
distance was 1 0 nm. Firstly, by setting the incident light 
surface to be the glass surface, the optical transmittance 
was measured by a normal transmission method. The 
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optical transmittance at each wavelength is designated 
as Td(X). Then, an integrating sphere having an inner 
sphere diameter of 150 mm was mounted, and the film 
surface of the sample was closely contacted to the in- 
tegrating sphere, and the integrating sphere optical 
transmittance was measured. The optical transmittance 
al each wavelength at that time is designated as Tt(X). 
From the foregoing measurement results, the haze Hz 
(A.) was calculated by the following formula. 

Hz(X)=(Tt(X,)-Td(^))x100/Tt(X) (%) 

[0114] The spectral transmittance was measured by 
means of an immersion liquid method to minimize the 
measurement error due to the difference in the surface 
roughness of the conductive oxide substrate. The im- 
mersion liquid method is a method wherein a few drops 
of diiodomethane was dropped on the film surface of the 
substrate with the conductive oxide film, and the optica! 
transmittance is measured by sandwiching the solution 
by a transparent quartz glass. The absorption by diio- 
domethane is mainly at most 400 nm. Accordingly, with- 
in a range of from 400 to 800 nm, there will be no sub- 
stantial absorption by the diiodomethane and the quartz 
glass. The measurement of the spectral transmittance 
was carried out by mounting an integrating sphere hav- 
ing an inner sphere diameter of 150 mm (150-0901, 
manufactured by Hitachi, Ltd.) on a spectro-photometer 
(U3400, manufactured by Hitachi, Ltd.). 

b) COMPARATIVE EXAMPLE 

[0115] An example is shown wherein when the sec- 
ond oxide layer was formed without forming a different 
oxide layer, the small ridges were enlarged, and a con- 
tinuous layer was not formed. Fig. 8A and B are electron 
microscopic photographs when on the first oxide (Fig. 
8A), the second oxide layer was formed (Fig. 8B). 
[01 16] Firstly, a soda lime glass substrate of 300 mm 
x 300 mm x 1 .1 mm in thickness was heated to 500°C 
in a belt conveyor furnace (speed of the belt: 1 m/min), 
and firstly, 4 L/min of nitrogen gas containing 5 mo!% of 
silane gas and 20 L/min of oxygen gas were simultane- 
ously blown thereto to form a silica film. For a Sn0 2 film 
as the first oxide, this glass substrate with the silica film 
was heated to 540°C, and then tin tetrachloride, water 
and hydrogen chloride gas were simultaneously blown 
thereto to form Sn0 2 as the first oxide. The tin tetrachlo- 
ride was preliminarily heated to 45°C and transferred 
onto the substrate by blowing nitrogen gas at a rate of 
2 L/min. Whereas, water heated to 1 00°C was blown at 
a rate of 15 g/min, and the hydrogen chloride gas was 
blown at a rate of 0.5 L/min to the substrate. 
[01 1 7] Then , the F-doped Sn0 2 film as the second ox- 
ide layer was formed by heating this substrate to 540°C , 
followed by blowing tin tetrachloride, water, HF gas and 
methanol thereto. Table tin tetrachloride was preliminar- 



26 

ily heated to 45°C and transferred onto the substrate by 
blowing nitrogen gas at a rate of 12 L/min. Whereas, 
water heated to 1 00°C was blown at a rate of 90 g/min, 
and the HF gas was blown at a rate of 3 L/min to the 

5 substrate. Further, 0.1 L/min of nitrogen gas was blown 
to methanol preliminarily heated to 30°C, and the mix- 
ture was blown to the substrate. However, in the case 
where a different oxide layer was not formed, even if it 
was attempted to form the second oxide layer under the 

to same manner as in the case where the different oxide 
layer was formed, the obtained shape was such that 
small ridges made of the first oxide were enlarged, as 
shown by the electron microscopic photographs of Table 
8B. 

*5 [0118] Then, a solar cell of the present invention was 
produced under the following conditions. 

Formation of photoelectric conversion layer 



20 [0119] Then, the substrate with the transparent con- 
ductive oxide film obtained in Example of Production Ex- 
ample 1 was cut into a size of 40 mm x 40 mm, and a 
photoelectric conversion layer having p-i-n junction was 
laminated on the transparent conductive oxide film by a 

25 plasma-enhanced CVD equipment (SLCM14, manufac- 
tured by Shimadzu Corporation). Table p-i-n junction is 
one wherein the p-type-layer, the i-type-layer and the n- 
type-iayer are formed (joined) in this order. Table film- 
forming conditions for the p-type-layer, the i-type-layer, 

30 the n-type-layer and the p/i buffer layer used in this test 
were shown in Table 1,2,3 and 4, respectively. 

Formation of contact-improving layer and back 
electrode layer 

35 

[0120] Then, on the photoelectric conversion layer, a 
GZO layer was formed in a thickness of about 1 00 nm 
by a DC sputtering method by inclining a GZO target 
containing 5 mol% of Ga based on the sum with zinc at 

40 an angle of 60° to the substrate. The sputtering was car- 
ried out by preliminarily evacuating the vacuum appara- 
tus to a reduced pressure of at most 1 0" 4 Pa and then 
introducing 75 seem of Ar gas and 1 seem of C0 2 gas, 
whereby the pressure during the sputtering was adjust- 

45 ed to be 4x1 0* 1 Pa, and the sputtering power was ad- 
justed to be 2.4 W/cm 2 . Further, the Ga content in the 
GZO film was 5 mol% based on the sum with zinc in the 
same content as in the target, and the substrate tem- 
perature was adjusted to be 100°C. The performance 

50 of the GZO single film was such that the resistivity was 
5x1 0' 3 O-cm, and the absorption coefficient was 1 x10 3 
enr 1 at from 500 to 800 nm. Finally, a Ag film as the back 
electrode layer was formed in a thickness of about 200 
nm on the GZO film by a sputtering method in an Ar gas 

55 atmosphere using a Ag target (the pressure during the 
sputtering: 4X10" 1 Pa ; sputtering power: 1.4 W/cm 2 ), 
and finally a solar cell having a size of 5 mm x 5 mm 
was prepared. 
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[0121] To the solar cell thus obtained, light of AM (air- 
mass) of 1 .5 was irradiated by a solar simulator, where- 
by the photoelectric conversion efficiency was obtained 
from the results of measuring the short circuit current, 
the open circuit voltage and the fill factor. Table thick- 
nesses of the respective layers of the solar cell were as 
shown in the following Table 5. For the measurement of 
the solar cell characteristics (IV characteristic, spectral 
response), CD-24 model solar simulator, manufactured 
by OPHTHO RESEARCH was employed. The irradiated 
light spectrum of the solar simulator at the time of IV 
measurement was adjusted so that AM was 1 .5, the light 
intensity was 100 mA/cm 2 . As a result, the short circuit 
current was 18.7 mA/cm 2 : the open circuit voltage was 

0. 81 V ; the fill factor was 0.71 , and the conversion effi- 
ciency was 10.8%. 

[0122] Then, using the substrate with the transparent 
conductive oxide film obtained in Example of Production 
Example 2, a photoelectric conversion layer was formed 
by the same method as in Production Example 1 , to ob- 
tain a soiar cell. 

[0123] With respect to the solar cell obtained by the 
above method : the solar cell characteristics were ob- 
tained in the same manner as in the Production Example 

1, whereby the short circuit current was 19.3 mA/cm 2 , 
the open circuit voltage was 0.81 V, the fill factor was 
0.71, and the conversion efficiency was 11.1%. 
[0124] Further, using the substrate with the transpar- 
ent conductive oxide film obtained in Comparative Ex- 
ample, a photoelectric conversion layer was formed in 
the same manner as in Production Example 1 to obtain 
a solar cell. However, the solar cell obtained by the 
above method did not function as a solar cell. 



Table 1 



Deposition condition of p-type-layer 


Substrate surface temperature 


180°C 


Pressure 




40 Pa 


RF power 




0.03 W/cm 2 


Gas fiow rate 


SIH 4 


1 0 seem 




CH 4 


20 seem 




H 2 


20 seem 






1 00 seem 


(B 2 H 6 


1000 ppm) 





Table 2 



Deposition condition of i-type-layer 


Substrate surface temperature 


180°C 


Pressure 


27 Pa 


RF power 


0.03 W/cm 2 


Gas flow rate SiH 4 


1 0 seem 



Table 3 



Deposition condition of n-type-layer 


Substrate surface temperature 


180°C 


Pressure 






40 Pa 


RF power 






0.03 W/cm 2 


Gas flow rate 




SiH 4 


1 0 seem 






H 2 


1 00 seem 






H2/PH 3 


1 00 seem 


(PH 3 : 1000 ppm) 


Table 4 


Deposition condition of p/i buffer layer 


Substrate surface temperature 


180°C 


Pressure 






27 Pa 


RF power 






0.03 W/cm 2 


Gas flow rate 




SiH 4 


1 0 seem 






CH 4 


0 to 20 seem 






H 2 


20 seem 



Table 5 





Thickness of p-type-layer 


10 nm 


30 


Thickness of p-SiC buffer layer 


8 nm 




Thickness of i-type-layer 


350 nm 




Thickness of n-type-layer 


40 nm 




Thickness of GZO layer 


10 nm 


35 


Thickness of Ag layer 


200 nm 



INDUSTRIAL APPLICABILITY 



[0125] The substrate with a transparent conductive 
40 oxide film having a double texture structure, obtained by 
the present invention , has low resistance and high trans- 
parency and is excellent in mass productivity, and it has 
good light scattering performance over a full wavelength 
region of solar ray (from 300 nm to 3 u,m). Further ac- 
45 cording to the process of the present invention, such a 
substrate can be obtained with good productivity. If this 
substrate is used as a substrate for a thin film silicon 
type photoelectric conversion element, it is possible to 
obtain a photoelectric conversion element (especially a 
50 soiar cell) excellent in the photoelectric conversion effi- 
ciency. 

Claims 

55 

1. A substrate with a transparent conductive oxide 
film, comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate and 
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constituted by a plurality of ridges and a plurality of 
flat portions, wherein the surfaces of the ridges and 
the flat portions have many continuous micron-size 
protrusions. 

2. The subslrale with a transparent conductive oxide 
film according to Claim 1 , wherein the protrusions 
have basal plane diameters of from 0.1 to 0.3 u.m 
and height/basal plane diameter ratios of from 0.7 
to 1 .2. 

3. A substrate with a transparent conductive oxide 
film, comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate, where- 
in the substrate with the transparent conductive ox- 
ide film, has a haze of from 10 to 95% over a full 
wavelength region of from 400 to 800 nm, and the 
difference of the absolute values between the max- 
imum value and the minimum value of the haze (the 
maximum value - the minimum value) is not more 
than 50%. 

4. The substrate with a transparent conductive oxide 
film according to Claim 3, wherein the substrate with 
the transparent conductive oxide film, has a haze 
of from 40 to 70% (as an average of from 400 to 600 
nm) in a wavelength region of from 400 to 600 nm 
and a haze of from 20 to 40% (as an average of 
from 600 to 800 nm) in a wavelength region of from 
600 to 800 nm. 

5. A substrate with a transparent conductive oxide 
film, comprising a substrate and a transparent con- 
ductive oxide film provided on the substrate, where- 
in the transparent conductive oxide film comprises 
discontinuous small ridges made of a first oxide and 
a continuous layer made of a second oxide, formed 
on the small ridges, wherein the surface of the con- 
tinuous layer has many continuous micron-size pro- 
trusions. 

6. The substrate with a transparent conductive oxide 
film according to any one of Claims 1 to 5, wherein 
the substrate with the transparent conductive oxide 
film, has a sheet resistance of from 8 to 20 £i/Dand 
an optical transmittance of from 80 to 90% at 550 
nm measured by an immersion liquid method. 

7. The substrate with a transparent conductive oxide 
film according to Claim 5, wherein the small ridges 
have basal plane diameters of from 0.2 to 2.0 urn. 

8. The substrate with a transparent conductive oxide 
film according to Claim 5, wherein the first oxide is 
composed of Sn0 2 or Sn0 2 containing fluorine, the 
fluorine content being not more than 0.01 mol% 
based on SnO?. 



9. The substrate with a transparent conductive oxide 
film according to any one of Claims 5 to 8, wherein 
the second oxide is a transparent conductive oxide 
containing at least one member selected from the 

5 group consisting of Sn0 2 , ZnO and ln 2 0 3 . 

10. The substrate with a transparent conductive oxide 
film according to any one of Claims 5 to 9, wherein 
the second oxide is Sn0 2 containing fluorine-doped 

10 tin as the main component, contains fluorine in an 

amount of from 0.01 to 4 mot% based on Sn0 2 and 
has a conductive electron density of from 5x10 19 
to 4X10 20 cm- 3 . 

75 11. The substrate with a transparent conductive oxide 
film according to any one of Claims 5 to 1 0, wherein 
a film made of an oxide different in the composition 
from the first and second oxides, is formed between 
the discontinuous small ridges made of the first ox- 
20 ide and the continuous layer made of the second 
oxide. 

12. The substrate with a transparent conductive oxide 
film according to Claim 1 1 , wherein the first oxide is 

25 Sn0 2 , the different oxide is Si0 2 , and the second 
oxide is fluorine-doped Sn0 2 . 

13. The substrate with a transparent conductive oxide 
film according to Claim 1 , 2, 5 5 6, 7, 8, 9, 1 0, 1 1 or 

3o 12, wherein the substrate with the transparent con- 
ductive oxide film, has a haze of from 1 0 to 95% 
over afull wavelength region of from 400 to 800 nm. 

14. A process for producing the substrate with the 
35 transparent conductive oxide film as defined in any 

one of Claims 1 to 1 3, which comprises forming, on 
a transparent substrate, discontinuous small ridges 
made of a first oxide by an atmospheric pressure 
CVD method, andforming thereon acontinuous lay- 
^0 er made of a second oxide. 

15. The process for producing the substrate with the 
transparent conductive oxide film according to 
Ciaim 14 : wherein the small ridges are formed by 

45 an atmospheric pressure CVD method employing 

tin tetrachloride, water and hydrogen chloride. 

16. The process for producing the substrate with the 
transparent conductive oxide film according to 

50 Claim 14, wherein the continuous layer made of the 
second oxide is formed on the discontinuous small 
ridges made of the first oxide, by an atmospheric 
pressure CVD method. 

55 17. The process for producing the substrate with the 
transparent conductive oxide film according to 
Claim 1 6 : wherein a film made of an oxide different 
in the composition from the first and second oxides, 
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is formed between the discontinuous small ridges 
made of the first oxide and the continuous layer 
made of the second oxide : by an atmospheric pres- 
sure CVD method. 

18. A photoelectric conversion element having a rear 
face electrode, via a photoelectric conversion layer, 
on the substrate with the transparent conductive ox- 
ide film as defined in any one of Claims 1 to 13. 

19. The photoelectric conversion element according to 
Claim 1 8 : wherein the photoelectric conversion lay- 
er is a layer having p- : i- and n-type-layers formed 
in this order. 

20. The photoelectric conversion element according to 
Claim 1 8, wherein the rearface electrode is a metal 
film containing Ag in an amount of at least 95 mol% 
in the film. 

21. The photoelectric conversion element according to 
Claim 20, wherein the metal film contains Pd or Au 
in an amount of from 0.3 to 5 mol% in the film. 



22. The photoelectric conversion element according to 25 
any one of Claims 18 to 21, which has a contact- 
improving layer between the rear face electrode 
and the n-type-layer nearest to the rear face elec- 
trode, between the photoelectric conversion layer 
and the rear face electrode. 30 



23. The photoelectric conversion element according to 
Claim 22, wherein the contact-improving layer has 
a resistivity of not more than 1 x 1 cr 2 ft-cm. 

35 

24. The photoelectric conversion element according to 
Claim 22 or 23, wherein the contact-improving layer 
has an absorption coefficient of not more than 
5x10 3 cm" 1 in a wavelength region of from 500 to 
800 nm. 40 



25. The photoelectric conversion element according to 
any one of Claims 22 to 24 : wherein the contact- 
improving layer contains zinc oxide (ZnO) as the 
main component, and at least 90 atomic % of the 45 
total metal component in the layer is Zn. 



26. The photoelectric conversion element according to 
Claim 25, wherein the layer containing ZnO as the 
main component, contains Ga or Ai in an amount of so 
from 0.3 to 1 0 mol% based on the summation with 
Zn. 
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